Time trends and social factors in detection, treatment and control of hypertension in the community were examined in four independent Scottish MONICA crosssectional surveys in 1986, 1989, 1992 and 1995. Residents aged 25-64 years were recruited randomly from general practice lists in north Glasgow, Scotland with stratification by sex and 10-year age groups. A total of 1262 participated in the first survey, 1397 in the second, 1516 in the third and 1836 in the fourth. Differences and trends in proportions of hypertension undetected, detected but untreated, treated but uncontrolled and controlled across the four surveys were tested by v 2 , and the associations of the poor control of hypertension with social factors were estimated by multivariate logistic regression model to derive odds ratios. Using the cut point of X160/95 mmHg, proportion of hypertension undetected across the four surveys was 56.3, 44.6, 32.0 and 38.2%, and of treated controlled hypertension was 15.2, 26.4, 32.0 and 32.8% (both trends Po0.001). Multivariate analysis showed that poor control of hypertension was not related to social deprivation, but significantly related to being male, young, of low body mass index and heavy alcohol drinking. Undetected hypertension was significantly related to full-time employment, and untreated hypertension to high social class and possibly education level. These findings suggest that in this part of Scotland the management of hypertension has improved, so the 'rule of halves' no longer applies. Control of blood pressure is not positively associated with social deprivation, but people at a high risk of poor control of hypertension should be targeted.
Introduction
The 'rule of halves' summarized findings from surveys of blood pressure in the USA in the early 1970s 1 where half the hypertensives in the population were undetected, half of those detected were untreated, and half of those treated were not controlled. The Scottish Heart Health Study (SHHS) 2 showed that the rule of halves applied to the population of Scotland in mid-1980s. We have used recurrent surveys of the Scottish MONICA population in north Glasgow from 1986 to 1995 to see whether management of hypertension improved, and whether deprivation and other social factors influenced detection, treatment and control of hypertension.
Subjects and methods
The WHO MONICA project monitored trends and determinants in cardiovascular disease in 38 populations in 21 countries. Its design and methodology are documented. 3 In Scotland, four MONICA surveys took place in 1986, 1989, 1992 and 1995, respectively, according to the same highly standardized methodology of the WHO MONICA Project. Subjects were recruited randomly from general practitioner lists in north Glasgow, Scotland stratified by sex and the 10-year age groups of 25-64 years (the 65-74 band, added to the 1992 survey, was omitted from this analysis). A total of 1262 people aged 25-64 years participated in the First MONICA survey, 1397 in the second, 1512 in the third and 1836 in the fourth. Response rates were 63. 5, 59 .0, 65.1 and 65.7%.
Subjects completed a self-administered personal health record, which asked whether a doctor had ever told them that they had high blood pressure, or whether they were on drug treatment for it. They took this to a dedicated survey clinic where it was checked and standard anthropometric measurements were made. Blood pressure was measured twice at the first visit, seated after five minutes rest, by nurses subject to quality assessment who used a Hawksley random-zero sphygmomanometer and the first and fifth Korottkoff sounds. 2, 4 The mean of the two readings was used. The main social determinant we used was socioeconomic deprivation classified by the Carstairs score: derived from census data on the subject's postcode sector of residence, on male unemployment, overcrowding, car ownership and proportion of social class IV and V. 5 We also examined personal social and economic items from the questionnaire.
Hypertension in this study meant those receiving treatment, those with mean blood pressure over defined cut points, or both. We used (1) a traditional cut point from the classic 'rule of halves' of X160 mmHg systolic or X95 mmHg diastolic (fifth phase);
1,2 and other cut points to check the robustness of our findings; (2) X140/90 mmHg; 6 and (3) the British Hypertension Society criteria 7 of X100 mmHg. As previously, 2 we also assessed the effect of increasing the diastolic cut point from 100 to X105 mmHg, and used a target for treatment of 85-90 mmHg, because treatment of hypertension was not normally recommended after only two readings on a single occasion. Detection (awareness) of hypertension was defined as a subject having been told of high blood pressure or hypertension by a doctor, while the undetected had no previous knowledge despite high readings. Treatment was defined as current use of prescribed medication for blood pressure; treated controlled were those on medication with blood pressure below the cut points; while treated uncontrolled were those on medication with blood pressure above the cut points.
We used SPSS Windows version 9.0. Firstly, w 2 was employed to test differences and trends in proportions of hypertensive categories across the four surveys. Secondly, differences in deprivation score and other social factors and relevant characteristics among undetected, untreated, treated uncontrolled and treated controlled hypertension were examined by the nonparametric Kruskal-Wallis test and the w 2 . Thirdly, in assessing the influence of socioeconomic deprivation (or other social factors) on poor control of hypertension, a multivariate multinomial logistic regression was used to estimate odds ratios (ORs) for the undetected, untreated and treated uncontrolled hypertension with respect to the treated controlled. Reported P-values correspond to the null hypothesis that the ORs for three comparisons are simultaneously equal to 0, the alternative hypothesis being that at least 1 OR is statistically significantly different from 0. Individual 95% confidence intervals (CI) are also presented for each estimate. Finally, using a multivariate binary logistic regression model, we compared those undetected to detected (ie, the 1st half of the rule of halves) and those untreated to treated (the 2nd half) with different social deprivation and other factors.
Results

Overall time trends
Of 6011 subjects, 5985 (2870 men, 3115 women) had their blood pressure measured. Table 1 shows the sex and age distribution that differed little between surveys. It also shows that the percentage of subjects having 'normal blood pressure' (ie, not hypertensive at X160/95) increased across the four surveys for men and women (both trends Po0.01). Figure 1 shows proportions of the 'rule of halves' hypertensives in each of the four surveys. The rule of halves seemed true in the first survey, but increasingly less so thereafter. Undetected hypertension decreased significantly and treated controlled hypertension increased (Po0.01 for men, Po0.001 for women). Untreated hypertension did not significantly change over time for either sex, while uncontrolled hypertension increased significantly in women but not in men. Trends in women tended to be more marked but combined data confirmed the patterns stated above (Figure 1 ). Lowering the threshold for considering the blood pressure to have been controlled to 140/90 mmHg ( Figure 2 ) led to a substantial decrease in the percentages of treated and controlled subjects, but the trends were the same as those in Figure 1 . Using the higher cut point of DBP X105 mmHg (Figure 3 ), we found less undetected and untreated but more treated (controlled and uncontrolled) hypertensionFtrends were again similar to those in Figure 1 . Table 2 shows social deprivation factors and other relevant characteristics among undetected, untreated, treated but uncontrolled and controlled Blood pressure control in Scottish MONICA surveys [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] hypertensive subjects (hypertension is defined as blood pressure X160/95 mmHg or taking antihypertension medications as in Figure 1 ). We did not find a significant difference in social deprivation factors in the four categories of hypertension except for more full-time employment in the undetected hypertension. There were significant differences in other relevant variables and the details can be seen in Table 2 . In comparison of hypertensives undetected, untreated or treated but uncontrolled to controlled, a univariate multinomial logistical regression analysis showed no association of socioeconomic deprivation with poor controls (overall P ¼ 0.085), except for a significantly reduced OR for patients untreated in the third quarter of deprivation (Table 3) . Multivariate analysis also confirmed that undetected, untreated and treated but uncontrolled hypertension were not significantly related to socioeconomic deprivation in this population (P ¼ 0.238) ( Table 3 ). However, in the multivariate multinomial logistical model overall significance were for variables of age (years) (Po0.001), marital status (P ¼ 0.047), BMI (kg/m 2 ) (P ¼ 0.01) and years of MONICA (Po0.001). In Table 3 , we observed that compared to treated controlled, undetected hypertension was significantly related to younger age, single marital status and lower BMI, and possibly also to male gender. For untreated hypertension, younger age and alcohol drinking were positive predictors, while risk seemed to be reduced in people with divorced/separated marital status. This multivariate analysis further showed that the OR of undetected and untreated hypertension decreased markedly with survey years. There were no significant differences for these factors between treated uncontrolled and controlled hypertension (Table 3) . Table 4 shows associations of adverse controls of hypertension with other social factors examined separately. No relationship was found for housing tenure status (overall P ¼ 0.516) and social class (P ¼ 0.091), except that untreated hypertension was negatively related to social class (multiple adjusted OR for the higher social classes I+II: 1.71, 95% CI 1.02-2.87 in comparison to the social classes IIIN-V). Significant relationships were observed for employment status (Po0.001) and educational level (P ¼ 0.038). Sick unemployment was negatively related to undetected and untreated hypertensions, while housewives and retirees had poorly controlled hypertension. Full-time employees in comparison to all other employment groups had increased risk of undetected hypertension (multiple adjusted OR 1.48, 1.05-2.09), but reduced OR of uncontrolled hypertension (0.61, 0.38-0.98). Higher education appeared to be positively related to untreated hypertension.
Social factors
Comparing those undetected to detected and those untreated to treated, we found that both results were similar to the findings in Tables 3  and 4. (see Tables 5 and 6 ). In particular, in comparison to detected hypertension the OR for undetected hypertension in men (vs women) was 1.37 (1.02-1.83) and in full-time employees (vs all other employment groups) 1.63 (1.24-2.14). In comparison to treated hypertension, the OR of untreated hypertension in heavy drinkers vs others (X21.0 unit/week) was 1.94 (1.12-3.34) and in the higher social classes (I+II) (vs all other classes) was 1.89 (1.15-3.09). Blood pressure control in Scottish MONICA surveys 1986-1995
Discussion
Blood pressure measurement is difficult to standardize, 8 so comparison between studies must be carried out with caution. We used four Scottish MONICA surveys from the mid-1980s to the mid1990s, spaced 3-yearly in the same city area, to assess trends in blood pressure control in the community. Quality control was carried out according to the standardized methodology of the WHO MONICA Project. 3, 4 This enabled us to compare hypertensive categories across the surveys over time.
Despite our attempts at standardization, the blood pressure quality assessment results from the second MONICA survey in 1989 were not satisfactory and there were other anomalies in the result of sampling, in contrast with the other three (results available on request). Removal of this survey from the trend and from other analyses, however, had no effect on the outcome of our analyses, so all four surveys have been retained (data on request).
Like many epidemiological studies, 9-12 we assessed blood pressure based on a single visit although blood pressure was measured twice. This potentially led to an overestimation of the prevalence of hypertension and to an underestimation of the proportion of patients with adequately controlled blood pressure among those treated with antihypertensive drugs. 13 However, it should not prevent us from comparing blood pressure control across the four surveys since the same technique was used for each survey (a similar argument applies to the response rates that were not high but not surprising in a deprived inner-city population). Although some of the cut points we used are Among the four categories of hypertension, differences in the mean variables of deprivation score, age, BMI and alcohol drinking were tested by the nonparametric Kruskal-Wallis test, while differences in proportions of housing tenure status, social class, employment status, educational level, gender, marital status and smoking status by the w 2 . b There were some nonrespondents.
Blood pressure control in Scottish MONICA surveys 1986-1995 R Chen et al now historical, there now being greater emphasis on systolic blood pressure rather than diastolic, our comparisons of end points suggest that overall trends are largely independent of these. Our findings were robust.
These Scottish MONICA surveys showed that blood pressure control in the community has improved in this part of Scotland. Results in the first Scottish MONICA survey in 1986 were similar to those in the Scottish Heart Health Study in 1984-1986, suggesting a low rate of detection, treatment and control of blood pressure in Scotland. 2 Later, MONICA surveys show an improvement over time.
No matter which cut points were used, favourable trends in the changes could always be observed (Figures 1-3 ). There was improvement in blood pressure detection and control in a community served by the Scottish National Health Service, the 'rule of halves' disappearing over time.
Time trends in detection, treatment and control similar to those described in this article have been reported from several countries. 11, 14, 15 Data from the USA National Health and Nutrition Examination Survey (NHANES) confirm that the management of hypertension is improving, with better awareness, treatment and control. 16 Similar improvement was suggests that the rule of halves may no longer be valid in the industrialized world, but is probably true in developing countries. Despite this there are many people in the community with poorly controlled hypertension. First, we investigated whether this was related to socioeconomic deprivation since it is well known that inequalities in wealth lead to inequalities in morbidity and mortality. Some authors 21, 22 suggest that socioeconomic inequality affects blood pressure control in the community. In the current study, however, we found that undetected, untreated and treated uncontrolled hypertension were not positively linked with socioeconomic deprivationFin some respects, it was the reverse. Employment, social class and educational level had an effect, but the opposite of what might be expected, on control of blood pressure (undetected and untreated hypertensions).
Lang et al 23 found high rates of awareness and control of hypertension among members of groups with a high level of education compared with those among less-educated people. In this study using multivariate analysis we did not find this, and in contrast we observed that the better educated people were more likely to be untreated, and maybe uncontrolled, compared to those treated and controlled. The reasons were unclear. It could be that (1) those better educated thought they were able to manage their blood pressure and not follow their GP's advice, and (2) they were younger, which was related to poor control, and interaction between educational level and age might exist for hypertension. 12 The same story could be put forward for the significantly positive relationship between the high social class and untreated hypertension. In comparison with all those not in full-time employment, full-time employees were at increased risk of undetected hypertension. Some of these findings may have been mediated, alternatively, by differential anxiety, or 'white-coat effect' in survey participants.
In the multivariate analysis, we found that among the hypertensive subjects, poor control was related to younger age and male gender. The reasons for these need to be further explored, to see whether this is an anomaly of north Glasgow or a more widespread phenomenon. Many studies 2, 9, 24, [25] [26] [27] showed that hypertensive women were more aware of their blood pressure status (ie, more hypertension detected) than men, and had better control. We also found a slightly increased OR for men having undetected hypertension. One explanation is that consultation habits differ between men and women. Men attend their general practitioner less often than do women. OR for each social factor was calculated using the multivariate model in Table 3 excluding socioeconomic deprivation. Blood pressure control in Scottish MONICA surveys [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] We also observed that the single people were at higher risk of undetected hypertension, compared to those with spouses or partners. In addition to a possibility of couples looking after each other, the younger age of singles might be a related factor. Others have shown that married and cohabitating subjects achieved better control of hypertension than single people. 25 Some authors 28 state that obesity is correlated inversely to the degree of control of hypertension achieved. In comparison to treated and controlled hypertension, our results showed that a high BMI increased the risk of treated and uncontrolled hypertension, but reduced that of untreated and undetected hypertension. This implies that obesity positively influenced blood pressure checking and prescription of medication for intervention, but prevented good blood pressure control. It is reported that alcohol consumption affects the control of hypertension. 29 In this study, we found that compared to treated controlled, hypertension untreated, and possibly undetected as well were related to heavy alcohol drinking.
Although the Scottish MONICA survey data has demonstrated a favourable evolution in detection, treatment and control of hypertension, it should be recognized that a significant further improvement could still be achieved in Scotland and is still a major public health issue. We suggest that extra attention should be paid to those we have identified as at high risk in the population in Glasgow, but the findings need replication elsewhere. OR for each social factor was calculated using the multivariate model in Table 3 excluding socioeconomic deprivation. Blood pressure control in Scottish MONICA surveys [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] 
